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TITLE OF THE INVENTION 

Semiconductor Device Having Memory Cell Portion and Manufacturing 
Method Thereof 

5 BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to semiconductor devices, and particularly to a 
semiconductor device having a memory cell portion. 

10 Description of the Background Art 

Because of the increase in integration degree of semiconductor devices, and 
because of the miniaturization of memory cells particularly in semiconductor storage 
devices, it is becoming diflScult to form contacts between interconnections without 
causing short circuits. 

15 In order to form contacts without causing short circuits with interconnections, a 

method called self-alignment is often adopted. Contacts formed by the self-alignment 

technique are called self-aligned contacts (SAC). 

In memory cell portions, in order to increase short circuits margin, it is common 

to form contacts by SAC etching using etching masks with large opening ratios, called 
20 bar-type or line-type, instead of hole-shaped ones, which is followed by chemical 

mechanical polishing (CMP). 

For example, Japanese Patent Application Laid-Open No. 6-216333 (1994: 

Column 4, Figures 3 and 4) describes a method for forming contacts using self-alignment 

technique. 
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As described in the patent document cited above, transistors in the memory cell 
portion and transistors in the peripheral circuit portion are formed simultaneously, and 
therefore the transistors in the peripheral circuit portion undergo a thermal process for 
improving the burying characteristics of interlayer insulating film in the memory cell 
5 portion and a thermal process for improving the refresh characteristics, which causes 
thermal diffusion of impurities in the source/drain regions of transistors in the peripheral 
circuit portion that require impurities at high concentration, possibly reducing 
punch-through margin of the transistors in the peripheral circuit portion. 

Furthermore, v^hile SAC etching was conventionally not applied to peripheral 
10 circuit portions, the demand to enhance the degree of integration is now requiring the 
technique to be applied also to peripheral circuit portions, and further miniaturization of 
semiconductor devices is now necessitating ensuring short circuits margin and enhancing 
current driving capability also in the peripheral circuit portions. c 

SUMMARY OF THE INVENTION 

A semiconductor device having a meniory cell portion and a peripheral circuit 
portion is provided which achieves suppression of reduction of pimch-through margin of 
transistors in the peripheral circuit portion and offers ensured short circuits margin and 
enhanced current driving capability. 

The present invention is related to a method for manufacturing a semiconductor 
device having a data holding portion and a peripheral circuit portion that operates in 
association with the data holding portion, the data holding portion and the peripheral 
circuit portion being provided on the same semiconductor substrate; the semiconductor 
device manufacturing method includes the steps (a) to (h) shown below. That is to say, 
(a) forming gate interconnections respectively in the data holding portion and the 
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peripheral circuit portion on the semiconductor substrate, each gate interconnection 
having its top covered by a silicon nitride film; (b) forming first impurity regions 
respectively in the data holding portion and the peripheral circuit portion, the respective 
first impurity regions being formed in the surface of the semiconductor substrate that 
5 extend outward firom sides of the respective gate interconnections; (c) forming first 
sidewall nitride films respectively on sides of the gate interconnections in the data 
holding portion and the peripheral circuit portion; (d) forming second impurity regions 
respectively in the data holding portion and the peripheral circuit portion, the respective 
second impurity regions being formed in the surface of the semiconductor substrate that 

10 extend outward fi-om sides of the respective first sidewall nitride films; (e) forming a first 
interlayer insulating film covering the data holding portion and the peripheral circuit 
portion; (f) selectively removing the first interlayer insulating film on the data holding 
portion to form first openings that at least reach the surface of the semiconductor 
substrate where the first and second impurity regions are formed, and burying a 

15 conductive silicon in the first openings to form contact plugs; (g) after formation of the 
contact plugs, covering the data holding portion with a resist mask and removing the first 
interlayer insulating film on the peripheral circuit portion by a wet-etching; and (h) after 
the step (g), in the peripheral circuit portion, performing a third impurity implantation 
into the surface of the semiconductor substrate in the peripheral circuit portion using, as 

20 an implant mask, the gate interconnection at least having the first sidewall nitride films, 
so as to form third impurity regions having a higher impurity concentration than the first 
and second impurity regions. 

In the above-described semiconductor device manufacturing method, the step 
of forming the third impurity regions in the peripheral circuit portion is performed after 

25 the formation of the first interiayer insulating film. Therefore, the peripheral circuit 
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portion, after the formation of the third impurity regions, does not experience a 
high-temperature (800°C to lOOCC) thermal process performed to improve the burying 
characteristics during the formation of the first interlayer insulating film. Also, the step 
of forming the third impurity regions in the peripheral circuit portion is performed after 
5 the formation of the contact plugs. Therefore, the peripheral circuit portion, after the 
formation of the third impurity regions, does not experience a high-temperature (800°C 
to 1000°C) thermal process performed to improve the refresh characteristics after the 
formation of the contact plugs. Thus the third impurity regions having a relatively high 
concentration and serving as source/drain regions of MOS transistors in the peripheral 

10 circuit portion are not affected by high-temperature (800 °C to 1000°C) thermal 
treatments, which prevents reduction of punch-through margin of the MOS transistors in 
the peripheral circuit portion. 

A first aspect of the semiconductor device of the present invention is related to 
a semiconductor device having a data holding portion and a peripheral circuit portion that 

15 operates in association with the data holding portion, the data holding portion and the 
peripheral circuit portion being formed on the same semiconductor substrate. The 
semiconductor device includes: gate interconnections provided respectively in the data 
holding portion and the peripheral circuit portion on the semiconductor substrate, each 
gate interconnection having its top covered by a silicon nitride film; first sidewall nitride 

20 films provided respectively on sides of the gate intercoimections in the data holding 
portion and the peripheral circuit portion; first and second impurity regions provided in 
the data holding portion and the peripheral circuit portion, the respective first and second 
impurity regions being selectively formed in the surface of the semiconductor substrate 
that extend outward from sides of the respective gate interconnections; sidewall 

25 insulating films provided on sides of the first sidewall nitride films of the gate 
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interconnection in the peripheral circuit portion; contact plugs composed of a conductive 
silicon and passing through a first interlayer insulating film provided on the data holding 
portion to reach the surface of the semiconductor substrate where the first and second 
impurity regions are formed; third impurity regions provided in the peripheral circuit 
5 portion, the third impurity regions being selectively formed in the surface of the 
semiconductor substrate that extend outward from sides of the sidewall insulating films 
and having a higher impurity concentration than the first and second impurity regions; 
and metal silicide films provided on all contact plugs in the data holding portion and on 
the surface of the semiconductor substrate in the peripheral circuit portion where the third 

10 impurity regions are formed. 

The semiconductor device above includes metal silicide films formed on top of 
all contact plugs in the data holding portion and on the semiconductor substrate in the 
peripheral circuit portion where the third impurity regions are formed, i.e. on surfaces of 
active regions. In the memory cell portion, this lowers the contact resistance of bit line 

15 contacts and storage node contacts formed later. Also, in the peripheral circuit portion, 
this not only reduces the contact resistance between bit line contacts formed later and 
active regions but also reduces the sheet resistance of the active regions, which enhances 
the current driving capability of the peripheral circuit portion. 

A second aspect of the semiconductor device of the invention is related to a 

20 semiconductor device having a data holding portion and a peripheral circuit portion that 
operates in association with the data holding portion, the data holding portion and the 
peripheral circuit portion being formed on the same semiconductor substrate. The 
semiconductor device includes: gate interconnections provided respectively in the data 
holding portion and the peripheral circuit portion on the semiconductor substrate, each 

25 gate interconnection having its top covered by a silicon nitride film; first sidewall nitride 
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films provided respectively on sides of the gate interconnections in the data holding 
portion and the peripheral circuit portion; first and second impurity regions provided in 
the data holding portion and the peripheral circuit portion, the respective first and second 
impurity regions being selectively formed in the surface of the semiconductor substrate 
5 that extend outward from sides of the respective gate interconnections; sidewall 
insulating films provided on sides of the first sidewall nitride films of the gate 
interconnection in the peripheral circuit portion; contact plugs composed of conductive 
silicon and passing through a first interlayer insulating film provided on the data holding 
portion to reach the surface of the semiconductor substrate where the first and second 

10 impurity regions are formed; third impurity regions provided in the peripheral circuit 
portion, the third impurity regions being selectively formed in the surface of the 
semiconductor substrate that extend outward firom sides of the sidewall insulating film 
and having a higher impurity concentration than the first and second impurity regions; 
and a metal silicide film provided only on the surface of the semiconductor substrate in 

15 the peripheral circuit portion where the third impurity regions are formed. 

According to the semiconductor device above, a metal silicide film is formed 
only on the surface of the semiconductor substrate in the peripheral circuit portion where 
the third impurity regions are formed. In the peripheral circuit portion, this not only 
reduces the contact resistance between bit line contacts formed later and active regions 

20 but also reduces the sheet resistance of the active regions, which enhances the current 
driving capability of the peripheral circuit portion. 

These and other objects, features, aspects and advantages of the present 
invention will become more apparent fi-om the following detailed description of the 
present invention when taken in conjxmction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 16 are cross-sectional views used to describe a sequence of process 
steps for manufacturing a semiconductor device according to a first preferred 
embodiment of the invention; 
5 Figs. 17 and 18 are plan views showing examples of resist mask pattern for 

formation of contact plugs in the memory cell portion; 

Figs. 19 and 20 are plan views of the memory cell portion after formation of 
contact plugs; 

Figs. 21 and 22 are plan views showing situations during a wet-etching process 
10 to the peripheral circuit portion; 

Figs. 23 and 24 are cross-sectional views showing the situations during the 
wet-etching process to the peripheral circuit portion; 

Figs. 25 to 31 are cross-sectional views used to describe a sequence of process 
steps for manufacturing a semiconductor device according to a second preferred 
15 embodiment of the invention; 

Figs. 32 to 35 are cross-sectional views used to describe a sequence of process 
steps for manufacturing a semiconductor device according to a third preferred 
embodiment of the invention; 

Figs. 36 to 41 are cross-sectional views used to describe a sequence of process 
20 steps for manufacturing a semiconductor device according to a fourth preferred 
embodiment of the invention; 

Figs. 42 to 45 are cross-sectional views used to describe a sequence of process 
steps for manufacturing a semiconductor device according to a fifth preferred 
embodiment of the invention; and 
25 Figs. 46 to 52 are cross-sectional views used to describe a sequence of process 
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steps for manufacturing a semiconductor device according to a sixth preferred 
embodiment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 A. First Preferred Embodiment 

A first preferred embodiment of the present invention is now described 
referring to Figs. 1 to 24. 

A-1. Manufacturing Method 
Referring to the cross-sectional views of Figs. 1 to 16 showing a sequence of 
10 manufacturing process steps, a method for manufacturing a DRAM (Dynamic Random 
Access Memory) 100 is now described. The stmcture of DRAM 100 is depicted in Fig. 
16 that is used to describe the final process step. 

In Figs, 1 to 16, a memory cell portion of the DRAM 100 and a peripheral 
circuit portion (including logic circuitry, sense amplifiers, decoders, etc.) provided in the 
15 vicinity of the memory cell portion are shown side by side. 

First, in the process step shown in Fig. 1, a semiconductor substrate 1, e.g. a 
silicon substrate, is prepared, and element isolation oxide films 2, for isolation between 
elements, are selectively formed to define active regions. The element isolation oxide 
films 2 are formed by thermal oxidafion (LOCOS oxidation) or a process of burying 
20 oxide film in trenches (trench isolation). 

Then, the active regions (the regions of semiconductor substrate 1 defined by 
element isolation oxide films 2) undergo impurity implantation for forming MOS 
transistor well and channel regions. 

Subsequently, a silicon oxide film 3 is formed all over the substrate and a 
25 conductive silicon film 4, barrier metal film 5, metal interconnection film 6, and 
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protective insulating film 7 are sequentially stacked thereon. While these stacked films 
are shown assuming poly-metal gates, the barrier metal layer 5 can be omitted in the case 
of polycide gates, in which case a silicide film is formed on the silicon film 4. 

Now, the silicon oxide film 3 is a thermal oxide film or an undoped deposited 
5 oxide film formed by reduced pressure CVD or atmospheric CVD, with a film thickness 
of 1 nm to 10 nm. 

The conductive silicon film 4 is formed of polycrystalline silicon or amorphous 
silicon deposited by CVD, which contains any of phosphorus (P), arsenic (As) and boron 
(B) and has a thickness of 20 nm to 1 50 nm. 
10 The barrier metal film 5 is formed of a refractory metal film such as titanium 

nitride (TiN) or tungsten nitride (WN), with a film thickness of 2 nm to 10 nm. 

The metal interconnection film 6 is formed of a refractory metal film such as 
tungsten (W), with a film thickness of 20 nm to 150 nm. 

In the case of polycide gates, a metal silicide film with a thickness of 20 nm to 
15 1 50 nm, such as timgsten silicide (WSi), is formed on the conductive silicon film 4. 

The protective insulating film 7 is formed of a material that exhibits selectivity 
with respect to silicon oxide film during dry-etching of silicon oxide film by, e.g. RIE 
(Reactive Ion Etching); for example, it is formed of a silicon nitride film (SiN) or 
oxynitride film (SiON) deposited by CVD, or a multi-layered film thereof, or a 
20 two-layered film of silicon oxide film and silicon nitride film. The film thickness of the 
protective insulating film 7 is 20 nm to 100 nm. 

Next, in the process step of Fig. 2, a resist mask (not shown), for formation of a 
desired gate interconnection pattern, is patterned by photolithography on the protective 
insulating film 7, and then a dry-etching to silicon oxide, e.g. by RIE, is performed to 
25 pattem the protective insulating film 7 to fit the gate interconnection pattern. 
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Next, using the protective insulating film 7 as an etching mask, dry-etching to 
metal and polycrystalline silicon (polysilicon) is performed, e.g. by RIE, so as to pattern 
the metal interconnection film 6, barrier metal fihn 5, and conductive silicon film 4 to fit 
the gate interconnection pattem. Thus, on the silicon oxide film 3 in the memory cell 
5 portion, the conductive silicon films 4a, barrier metal films 5a, metal interconnection 
films 6a, and protective insulating films 7a form gate interconnections Gl, and on the 
silicon oxide film 3 in the peripheral circuit portion, the conductive silicon films 4b, 
barrier metal films 5b, metal interconnection films 6b, and protective insulating films 7b 
form gate interconnections G2. 

10 Since this process uses an etching that exhibits a selectivity with respect to 

silicon oxide film, the silicon oxide film 3 is not completely removed but it remains on 
the semiconductor substrate 1 . After this process, in order to reduce leakage current, an 
oxide film may be formed by thermal oxidation on the semiconductor substrate 1 and 
sidewalls of the silicon film 4. 

15 Next, using the gate interconnections Gl and G2 as implant masks, an impurity 

ion implantation with a dose of 1 X 10^^ to 1 X lO'^/cm^ is performed to form 
source/drain regions 8a (first impurity regions) in the memory cell portion and 
source/drain regions 8b (first impurity regions) in the peripheral circuit portion. In this 
case, when N-channel MOS transistors are formed, phosphorus (P) is implanted at an 

20 energy of 10 keV to 20 keV, or arsenic (As) is implanted at an energy of 15 keV to 30 
keV. When P-chaimel MOS transistors are formed, boron difluoride (BF2) is implanted 
at an energy of 5 keV to 10 keV. The source/drain regions 8a and 8b are referred to also 
as source/drain extension regions or lightly-doped drain regions (LDD regions). 

Next, a silicon nitride film with a thickness of 5 nm to 100 nm is deposited all 

25 over the semiconductor substrate 1, e.g. by CVD, and then an anisotropic dry-etching 
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process, e.g. RIE, is applied all over the surface to form, as shown in Fig. 3, sidewall 
nitride films 9a and 9b (first sidewall nitride films) respectively on the sides of the gate 
interconnections Gl and G2. 

Since this process uses an etching having a selectivity with respect to silicon 
5 oxide film, the silicon oxide film 3 is not completely removed. 

The sidewall nitride films 9a and 9b are formed for the purpose of protecting 
the sidewalls of gate interconnections Gl and G2. Therefore the material is not limited 
to silicon nitride film as long as it exhibits selectivity during dry-etching of silicon oxide 
film by, e.g. RIE; it may be formed of an oxynitride film, for example. 

10 Next, in the process step shown in Fig. 4, using, as implant masks, the gate 

interconnections Gl and G2 respectively having the sidewall nitride films 9a and 9b, an 
impurity ion implantation with a dose of 1 X lO'^ to IX lO^'^/cm^ is performed to form 
source/drain regions 10a (second impurity regions) in the memory cell portion and 
source/drain regions 10b (second impurity regions) in the peripheral circuit portion. In 

15 this case, when N-channel MOS transistors are formed, phosphorus (P) is implanted at an 
energy of 20 keV to 30 keV, or arsenic (As) is implanted at an energy of 30 keV to 40 
keV. When P-channel MOS transistors are formed, boron difluoride (BF2) is implanted 
at an energy of 10 keV to 15 keV. 

Thus implanting impurities after formation of the sidewall nitride films 9a and 

20 9b provides effects such as junction relaxation and suppression of short-channel effect of 
transistors, especially in the memory cell portion. 

Next, in the process step of Fig. 5, in order to protect the semiconductor 
substrate 1, an insulating film 1 1 having a thickness of 5 nm to 50 nm is deposited all 
over the substrate. The insulating film 1 1 is a film that exhibits a selectively during 

25 dry-etching of silicon oxide film by, e.g. RIE; for example, it is a silicon nitride film or 
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oxynitride film deposited by CVD. It is not essential to provide the insulating film 1 1 . 

Next, in the process step of Fig. 6, an interlayer insulating film 14 (a first 
interlayer insulating film) having a thickness of 300 nm to 1000 nm is deposited all over 
the semiconductor substrate 1, e.g. by CVD. For the interlayer insulating film 14, a 
5 silicon oxide film doped with phosphorus or boron (e.g. BPTEOS or PTEOS) that 
exhibits a good burying characteristics and good flatness is deposited. Then a 
high-temperature (800*C to lOOO^C) thermal process is performed to ciertainly fill gaps 
between gate interconnections and to reduce difference in level to improve the 
planarization. 

10 Next, in the process step shown in Fig. 7, a resist mask RMl, having an 

opening OPl in the area for contact plugs, is formed on the interlayer insulating film 14. 

Then the portion of interlayer insulating film 14 located in the opening OPl is 
removed by dry-etching, e.g. RIE, to form a contact opening 16. At this stage, by using 
an etching process with a large selectivity with respect to silicon nitride film, it is possible 

15 to prevent the protective insulating film 11 (e.g. silicon nitride film) from being 
completely removed. 

Figs. 17 and 18 show examples of the plan pattem of the resist mask RMl in 
the memory cell portion. Note that Figs. 17 and 18 show only part of the resist mask 
RMl. 

20 The pattem shown in Fig. 17 is called bar type, which is applied to half-pitch 

cells where the minimum unit length of cells corresponds to a half length of the repeated 
pattem in the plan arrangement of cells. 

The pattem shown in Fig. 18 is called line type, which is applied to 
quarter-pitch cells where the minimum unit length of cells corresponds to a quarter length 

25 of the repeated pattem in the plan arrangement of cells. 
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In Figs. 17 and 18, active regions 101 are present in the gaps between 
parallel-arranged stripe-shaped gate interconnections 102. In the resist mask 103 for 
forming contact plugs, resist material 1031 is formed on portions where contact plugs are 
not formed, even on active regions, while opening is present in the remaining portion. 
5 In plan view, the resist material 1031 in Fig. 17 is formed in stripes extending 

over some gate interconnections 102, and in Fig. 18 it is formed like steps continuing 
over all gate interconnections 102. 

The sections denoted by the arrows along line A-A in Figs. 17 and 18 
correspond to the cross-section of the memory cell portion shown in Fig. 7. 
10 The gate interconnections 102 and resist mask 103 shown in Figs. 17 and 18 

respectively correspond to the gate interconnections Gl and resist mask RMl shown in 
Fig. 7. 

Now the next process step is described. After removal of the resist mask RMl, 
in the process step shown in Fig. 8, the insulating film 11 in the contact opening 16 is 

15 removed by dry-etching, e.g. RIE. At this stage, the etching conditions are set not only 
to remove the insulating film 1 1 and silicon oxide film 3 at the bottom of the contact 
opening 16 but also to remove the insulating film 11 covering the gate interconnections 
Gl. However, since the gate interconnections Gl are covered by the protective 
insulating film 7a and sidewall nitride films 9a, it is possible to expose the main surface 

20 of the semiconductor substrate 1 without exposing gate interconnections Gl. During 
this process, the portions of silicon oxide film 3 which are covered by the gate 
interconnections Gl are not removed, but they remain as gate insulating films 3a. 

Next, in the process step of Fig. 9, a conductive silicon film 17, as plug material, 
is deposited all over the semiconductor substrate 1, filling the contact opening 16. The 

25 conductive silicon film 17 is polycrystalline silicon or amorphous silicon deposited by. 
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e.g. CVD and doped with P or As, with a thickness of 100 nm to 400 nm. 

Next, in the process step of Fig. 10, a dry-etching process, e.g. RIE, and a 
polishing process, e.g. CMP, are performed in combination to remove the conductive 
silicon film 17, interlayer insulating film 14 and insulating film 11 until the top surfaces 
5 of the gate interconnections Gl and G2 are exposed. This process thus forms contact 
plugs 17a between gate interconnections Gl. 

Subsequently a high-temperature (800 to 1000°C) thermal process is 
performed to improve the refi-esh characteristics. 

Figs. 19 and 20 are plan views of the memory cell portion where contact plugs 
10 1 7a are formed. 

Fig. 19 is a plan view obtained using a resist mask having the bar-type pattern 
described with Fig. 17, where contact plugs 104 are buried between gate interconnections 
102, with interlayer insulating film 105 remaining in portions where the resist material 
1031 is placed in Fig. 17. 
15 Fig. 20 is a plan view showing a resist mask having the line-type pattern 

described with Fig. 19, where contact plugs 104 are buried between gate interconnections 
102, with interlayer insulating film 105 remaining in portions where the resist material 
1031 is placed in Fig. 17. 

The contact plugs 104 and interlayer insulating films 105 shown in Figs. 19 and 
20 20 respectively correspond to the contact plugs 17a and interlayer insulating films 14 
shown in Fig. 10. 

Now the next process step is described. In the process step shown in Fig. 11, 
a resist mask RM2 is formed by photolithography to cover only the memory cell portion, 
and the interlayer insulating film 14 in the peripheral circuit portion is removed by 
25 wet-etching using a solution such as HF (hydrofluoric acid). During this process the 
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insulating film 1 1 formed of silicon nitride film remains without being removed. 

Figs. 21 and 22 show plan views of the memory cell portion and peripheral 
circuit portion with the resist mask RM2 formed thereon. 

Fig. 21 shows the memory cell portion described with Fig. 19 covered by resist 
5 mask RM2, and Fig. 22 shows the memory cell portion described with Fig. 20 covered by 
resist mask RM2. 

Figs. 23 and 24 show cross-sectional views taken along lines B-B and C-C with 
arrows in Figs. 21 and 22. 

As shown in Figs. 23 and 24, the peripheral circuit portion, not covered by the 

10 resist mask RM2, touches etching solution SL. However, in the memory cell portion, 
the gate interconnections Gl and contact plugs 17a form a barrier against the etching 
solution at the borders with the peripheral circuit portion, preventing the etching solution 
SL fi-om invading the memory cell portion. This prevents the interlayer insulating film 
14 in the memory cell portion fi-om being etched. Therefore the interlayer insulating 

15 film 14 is removed only in the peripheral circuit portion. This is called "self-aligned 
removal" of the interlayer insulating film 14. 

The next process step is described. First, the resist mask RM2 is removed, 
and a resist mask RM3 is formed to cover the memory cell portion at least. Then, in the 
process step of Fig. 12, an anisotropic dry-etching is performed to remove the silicon 

20 oxide film 3 and insulating film 11 on the semiconductor substrate 1 in the peripheral 
circuit portion, leaving the insulating film 1 1 as sidewall insulating films 1 lb on the sides 
of the sidewall nitride films 9. Then, using the gate interconnections G2 as implant 
masks, an impurity ion implantation with a dose of IXIO'^ to 1X10*^/ cm^ is 
performed to form source/drain regions 31b (third impurity regions) in the peripheral 

25 circuit portion. In this case, when N-channel MOS transistors are formed, phosphorus 
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(P) is implanted at an energy of 35 keV to 45 keV, or arsenic (As) is implanted at an 
energy of 50 keV to 60 keV. When P-channel MOS transistors are formed, boron (B) is 
implanted at an energy of 5 keV to 10 keV, or boron difluoride (BF2) is implanted at an 
energy of 20 keV to 30 keV. The source/drain regions 31b are soxirce/drain regions 
5 adapted for MOS transistors in the peripheral circuit portion. 

This impxirity ion implantation process may be conducted with the silicon oxide 
film 3 and insulating film 1 1 remaining on the semiconductor substrate 1 in the peripheral 
circuit portion, and then the insulating film 1 1 and silicon oxide film 3 are removed by 
anisotropic dry-etching. 

10 While this dry-etching removes silicon oxide film 3 exposed on the 

semiconductor substrate 1, the portions of silicon oxide film 3 covered by the gate 
interconnections G2 are not removed but remain as gate insulating films 3b. Also, the 
insulating film 1 1 remains on the sides of the gate interconnections G2. 

Next, after removal of resist mask RM3, in the process step of Fig. 13, metal 

15 silicide films 32a and 32b are simultaneously formed on the surfaces of contact plugs 17a 
exposed in the memory cell portion and on the surface of semiconductor substrate 1 
exposed in the peripheral circuit portion, i.e. on the surfaces of active regions. 

In general, the metal silicide films 32a and 32b are formed by depositing a 
refractory metal, such as cobalt (Co), titanium (Ti), nickel (Ni), or hafnium (Hf), on the 

20 surfaces of the semiconductor substrate 1 and contact plugs 17a and then caxising a 
silicide reaction between silicon and metal by thermal process. 

Next, in the process step of Fig. 14, a silicon oxide film, as an interlayer 
insulating film . 18 (a second interlayer insulating film), is deposited all over the 
semiconductor substrate 1 by, e.g. low pressure CVD or atmospheric pressure CVD. 

25 The film thickness of the interlayer insulating film 18 is 50 nm to 500 nm and it may be 
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undoped or doped with phosphorus or boron. 

Subsequently, as shown in Fig. 15, a resist mask RM4 is formed which 
respectively have openings OP2 and OPS in areas where bit line contacts are to be formed 
in the memory cell portion and peripheral circuit portion. Then, using the resist mask 
5 RM4 as an etching mask, the interlayer insulating film 18 is selectively etched by 
dry-etching, e.g. RIE, so as to form contact openings 20a and 20b in the memory cell 
portion and peripheral circuit portion. 

This etching process uses an etching that exhibits a large selectivity with 
respect to silicon nitride film and silicon film. Thus the contact opening 20a in the 
10 memory cell portion reaches metal silicide film 32a on contact plug 17a and the contact 
opening 20b in the peripheral circuit portion reaches metal silicide film 32b on 
semiconductor substrate 1 . 

The contact openings 20a and 20b can be referred to as SAC contacts since they 
are obtained in a self-aligned manner, which relaxes resist mask positioning margin for 
15 contact formation and thus shortens the manufacturing process. 

Next, in the process step of Fig 16, metal films 24 and 25 are sequentially 
deposited all over the semiconductor substrate 1, so that the metal films 24 and 25 fill the 
contact openings 20a and 20b. Bit line contacts 21a and 21b are thus formed. The 
metal film 24 is a barrier metal, such as Ti or TiN, having a film thickness of 20 nm to 
20 100 nm. The metal film 25 is a silicide film of a refiractory metal, e.g. W, or a metal 
film of, e.g. W or Al (aluminum), or a multi-layered film thereof, having a film thickness 
of 50 nm to 200 nm. 

Then, in order to form a desired bit line pattern, a resist mask patterning process 
by photolithography and a dry-etching process, e.g. RIE, using the resist mask are carried 
25 out to form desired bit lines; the main part of the DRAM 100 is thus completed. 
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A-2. Functions and Effects 
In the above-described manufacturing method of the first preferred embodiment, 
the formation of source/drain regions 31b in the peripheral circuit portion described 
referring to Fig. 12 is performed after the formation of the interlayer insulating film 14 
5 described referring to Fig. 6. Therefore, the peripheral circuit portion, after the 
formation of source/drain regions 31b, does not experience the high-temperature (800°C 
to 1000*^) thermal process performed to improve the burying characteristics during the 
formation of the interlayer insulating film 14. 

Also, the formation of source/drain regions 31b in the peripheral circuit portion 
10 is performed after the formation of contact plugs 17a described referring to Fig. 10. 
Therefore, the peripheral circuit portion, after the formation of the source/drain regions 
31b, does not experience the high-temperature (800°C to 1000°C) thermal process 
performed to improve the refi-esh characteristics after the formation of contact plugs 17a. 

Thus the source/drain regions 31b of MOS transistors in the peripheral circuit 
15 portion are not affected by high-temperature (SOO^^C to lOOO'C) thermal treatments, 
which avoids reduction of punch-through margin of the MOS transistors in the peripheral 
circuit portion. 

Furthermore, in the memory cell portion, the metal silicide films 32a are 
formed on the top surfaces of all contact plugs 17a. This lowers the contact resistance of 
20 bit line contact 21a and storage node contacts (not shown). 

In particular, storage node contacts that connect bit line contacts 21a and 
storage nodes (not shown) of storage capacitors formed above the bit lines have a large 
aspect ratio of opening depth to width, so. that it is difficult to form silicide films at the 
hole bottoms after formation of openings. However, the metal silicide films 32a formed 
25 on top of the contact plugs 17a lower the contact resistance of the storage node contacts. 
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Moreover, in the peripheral circuit portion, the formation of metal silicide films 
32b on the semiconductor substrate 1 not only reduces the contact resistance between bit 
line contacts 21b and active regions but also reduces the sheet resistance of the active 
regions, which enhances the current driving capability of the peripheral circuit portion. 

5 

B. Second Preferred Embodiment 

Next, a second preferred embodiment of the present invention is described 
referring to Figs. 25 to 3 1 . 

B- 1 . Manufacturing method 
10 A method for manufacturing a DRAM 200 is described referring to the 

cross-sectional views of Figs. 25 to 31 showing a sequence of manufacturing process 
steps. The structure of DRAM 200 is depicted in Fig. 31 that is used to describe the 
final process step. The same components described in the manufacturing method of 
DRAM 100 referring to Figs. 1 to 16 are denoted by the same reference characters and are 
15 not described again here. 

Through the process steps of Figs. 1 to 11, the structure is obtained in which the 
interlayer insulating film 14 has been removed firom the peripheral circuit portion in a 
self-aligned manner. At this stage, the insulating film 11, fonried of a silicon nitride 
film, remains on the sides of the gate interconnections G2 and on top of the 
20 semiconductor substrate 1 in the peripheral circuit portion. 

Then, in the process step of Fig. 25, a silicon oxide film 29, having a thickness 
of 5 nm to 100 nm, is deposited all over the semiconductor substrate 1, e.g. by CVD. 
Thus the memory cell portion is covered by the silicon oxide film 29; in the peripheral 
circuit portion, the silicon oxide film 29 forms further on the insulating film 1 1 to cover 
25 the gate interconnections G2. 
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Next, in the process step of Fig. 26, at least the memory cell portion is covered 
by a resist mask RMl 1 and a whole-surface etch-back by dry-etching, e.g. RIE, is applied 
to the silicon oxide film 29. Thus, in the peripheral circuit portion, the silicon oxide 
film 29 remains as sidewall oxide films 29b (sidewall insulating films) on the outermost 
5 side surfaces of the gate interconnections G2. 

During this process, the silicon oxide film 29, insulating film 11, and silicon 
oxide film 3 on the semiconductor substrate 1 are removed, so that, in the peripheral 
circuit portion, the surface of the semiconductor substrate 1, i.e. active regions, are 
exposed. 

10 In the memory cell portion, the silicon oxide film 29, protected by the resist 

mask RMl 1, remains as silicon oxide film 29a. 

Subsequently, in the peripheral circuit portion, an impurity ion implantation 
with a dose of 1 X lO'^ to 1 X lO'^/cni^ is performed to form source/drain regions 31b, 
using, as implant masks, the gate interconnections G2 having sidewall nitride films 9, 

15 insulating films 1 1 and sidewall oxide films 29 on their sides. 

In this process, when N-channel MOS transistors are formed, phosphorus (P) is 
implanted at an energy of 35 keV to 45 keV, or arsenic (As) is implanted at an energy of 
50 keV to 60 keV. When P-channel MOS transistors are formed, boron (B) is implanted 
at an energy of 5 keV to 10 keV, or boron difluoride (BF2) is implanted at an energy of 20 

20 keVto30keV. 

This impurity ion implantation may be performed with the silicon oxide film 3, 
insulating film 1 1, and silicon oxide film 29 remaining on the semiconductor substrate 1 
in the peripheral circuit portion, and the silicon oxide film 29, insulating filrai 11 and 
silicon oxide film 3 are removed by anisotropic dry-etching. 

25 While this dry-etching removes the silicon oxide film 3 exposed on the 
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semiconductor substrate 1, the portions of silicon oxide film 3 covered by the gate 
interconnections G2 remain as gate insulating films 3b. Also, the insulating film 1 1 and 
silicon oxide films 29b remain on the sides of the gate interconnections G2. 

Next, after removal of the resist mask RMll, in the process step of Fig. 27, 
5 metal silicide films 32b are formed on the surface of the semiconductor substrate 1 
exposed in the peripheral circuit portion, i.e. on the surfaces of active regions. Since the 
memory cell portion is covered by the silicon oxide film 29a, silicide reaction does not 
take place even when refi-actory metal is formed thereon and therefore metal silicide film 
does not form. Refractory metal formed on portions where silicide reaction does not 
10 take place, e.g. on silicon oxide and silicon nitride films, is removed. 

Next, in the process step of Fig. 28, the silicon oxide film 29a covering the 
memory cell portion and the silicon oxide films 29b on the outermost sides of the gate 
interconnections G2 in the peripheral circuit portion are removed by wet-etching using a 
solution, e.g. HF. 

15 This process removes, together with silicon oxide films 29a and 29b, unwanted 

substances that may have been produced on the silicon oxide film 29 during the formation 
of metal silicide films 32b. 

Next, in the process step of Fig. 29, a silicon oxide film, as an interlayer 
insulating film 18, is deposited all over the semiconductor substrate 1 by, e.g. CVD. 

20 Subsequently, as shown in Fig. 30, a resist mask RM12 is formed, with 

openings OPl 1 and OP 12 formed in areas where bit line contacts are to be formed in the 
memory cell portion and peripheral circuit portion. Then, using the resist mask RM12 
as an etch mask, the interlayer insulating film 18 is selectively etched by dry-etching, e.g. 
RIE, to form contact openings 20a and 20b in the memory cell portion and peripheral 

25 circuit portion. 
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This etching process uses an etching that exhibits a large selectivity with 
respect to silicon nitride film and silicon film. Thus the contact opening 20a in the 
memory cell portion reaches contact plug 17a and the contact opening 20b in the 
peripheral circuit portion reaches metal silicide film 32b on the semiconductor substrate 
5 1. 

The contact openings 20a and 20b can be referred to as SAC contacts since they 
are obtained in a self-aligned manner, which relaxes resist mask positioning margin for 
contact formation and thus shortens the manufacturing process. 

Next, in the process step of Fig 31, metal films 24 and 25 are sequentially 

10 deposited all over the semiconductor substrate 1 ; the metal fikns 24 and 25 fill the contact 
openings 20a and 20b. Bit line contacts 21a and 21b are thus fomied. Then, in order 
to form a desired bit line pattern, a resist mask patterning process by photolithography 
and a dry-etching process, e.g. RIE, using the resist mask are carried out to form desired 
bit lines; the main part of the DRAM 200 is thus completed. 

15 B-2. Functions and Effects 

In the above-described manufacturing method of the second preferred 
embodiment, the formation of source/drain regions 31b in the peripheral circuit portion 
described referring to Fig. 26 is performed after the formation of the interlayer insulating 
film 14 described referring to Fig. 6. Therefore, the peripheral circuit portion, after the 

20 formation of source/drain regions 31b, does not undergo the high-temperature (SOO'C to 
1000°C) thermal process performed to improve the burying characteristics during the 
formation of interlayer insulating film 14. 

Also, the formation of source/drain regions 31b in the peripheral circuit portion 
is performed after the formation of contact plugs 17a described referring to Fig. 10. 

25 Therefore, the peripheral circuit portion, after the formation of the source/drain regions 
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31b, does not undergo the high-temperature (800 °C to 1000°C) thermal process 
performed to improve the refresh characteristics after the formation of contact plugs 17a. 

Thus the source/drain regions 31b of MOS transistors in the peripheral circuit 
portion are not affected by high-temperature (800°C to lOOO'C) thermal treatments, 
5 which suppresses reduction of pxmch-through margin of the MOS transistors in the 
peripheral circuit portion. 

Also, as described referring to Fig. 26, in the peripheral circuit portion, the 
source/drain regions 31b are formed by impurity ion implantation using as implant masks 
the gate interconnections G2 that have sidewall nitride films 9, insulating films 11, and 
10 silicon oxide films 29 on their sides. Therefore the source/drain regions 31b of MOS 
transistors in the peripheral circuit portion are formed relatively away from the gate edges, 
which ensures still larger punch-through margin. . 

Moreover, in the peripheral circuit portion, as described 'with Fig. 27, the 
formation of metal silicide films 32b on the semiconductor substrate 1 not only reduces 
15 the contact resistance between bit line contacts 21b and active regions but also reduces 
the sheet resistance of the active regions, which enhances current driving capability of the 
peripheral circuit portion. 

C. Third Preferred Embodiment 
20 Next, a third preferred embodiment of the present invention is described 

referring to Figs. 32 to 35. 

C-1. Manufacturing method 
A method for manufacturing a DRAM 300 is described referring to the 
cross-sectional views of Figs. 32 to 35 showing a sequence of manufacturing process 
25 steps. The structure of DRAM 300 is depicted in Fig. 35 that is used to describe the 
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final process step. The same components described in the manufacturing method of 
DRAM 100 referring to Figs. 1 to 16 are designated by the same reference characters and 
are not described again here. 

Through the process steps described with Figs. 1 to 1 1, the structure is obtained 
5 in which the interlayer insulating film 14 has been removed from the peripheral circuit 
portion in a self-aligned manner. At this stage, the insulating film 11, formed of a 
silicon nitride film, remains on the sides of the gate interconnections G2 and on top of the 
semiconductor substrate 1 in the peripheral circuit portion. 

Then, through the process step shown in Fig. 25, a silicon oxide film 29, having 
10 a thickness of 5 nm to 100 nm, is deposited all over the semiconductor substrate 1 . 

Next, in the process step of Fig. 32, a whole-surface etch-back, by dry-etching, 
e.g. RIE, is applied to the silicon oxide film 29. Thus, in the memory cell portion, 
contact plugs 17a are exposed, and in the peripheral circuit portion, the silicon oxide film 
29 remains as sidewall oxide films 29b on the outermost side surfaces of the gate 
15 interconnections G2. 

During this process, the silicon oxide film 29, insulating film 1 1 , and silicon 
oxide film 3 on the semiconductor substrate 1 are removed, so that, in the peripheral 
circuit portion, the surface of the semiconductor substrate 1, i.e. active regions, are 
exposed. 

20 This dry-etching removes the portions of the silicon oxide film 3 that are 

exposed on the semiconductor substrate 1, but the portions of the silicon oxide film 3 that 
are covered by the gate interconnections G2 remain as gate insulating films 3b. 

Subsequently, in the process step of Fig. 33, at least the memory cell portion is 
covered with resist mask RM21, and an impurity ion implantation with a dose of 1 X lO'^ 

25 to 1 X lO'^/cm^ is applied to the peripheral circuit portion, using, as implant masks, the 
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gate interconnections G2 having sidewall nitride films 9, insulating films 1 1, and sidewall 
oxide films 29b on their sides, whereby source/drain regions 31b are formed. 

In this process, when N-channel MOS transistors are formed, phosphorus (P) is 
implanted at an energy of 35 keV to 45 keV, or arsenic (As) is implanted at an energy of 
5 50 keV to 60 keV. When P-channel MOS transistors are formed, boron (B) is implanted 
at an energy of 5 keV to 10 keV, or boron difluoride (BF2) is implanted at an energy of 20 
keVto30keV. 

Next, after removal of the resist mask RM21, in the process step of Fig. 34, 
metal silicide films 32a and 32b are formed respectively on the surfaces of the contact 
10 plugs 17a that are exposed in the memory cell portion and on the surface of the 
semiconductor substrate 1 exposed in the peripheral circuit portion, i.e. on the surfaces of 
active regions. 

Subsequently, the silicon oxide films 29b on the outermost side surfaces of the 
gate interconnections G2 in the peripheral circuit portion are removed by a wet-etching 
15 using a solution, e.g. HP. During this process, the memory cell portion may be covered 
with a resist mask (not shown) to protect the interlayer insulating film 14 fi-om being 
. etched. 

Then, through process steps as shown in Figs. 29 and 30, a silicon oxide film as 
an interlayer insulating film 18 is deposited all over the semiconductor substrate 1 and 
20 then contact openings 20a and 20b are formed in areas where bit line contacts are to be 
formed in the memory cell portion and peripheral circuit portion. 

Thus the contact opening 20a in the memory cell portion is formed to reach 
metal silicide film 32a on contact plug 17a and the contact opening 20b in the peripheral 
circuit portion is formed to reach metal silicide film 32b on the semiconductor substrate 
25 1. 
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The contact openings 20a and 20b can be referred to as SAC contacts since they 
are obtained in a self-aligned manner, which relaxes resist mask positioning margin for 
contact formation and thus shortens the manufacturing process. 

Next, in the process step of Fig 35, metal films 24 and 25 are sequentially 
5 deposited all over the semiconductor substrate 1 ; the metal films 24 and 25 fill the contact 
openings 20a and 20b. Bit line contacts 21a and 21b are thus formed. Then, in order 
to form a desired bit line pattern, a resist mask patterning process by photolithography 
and a dry-etching process, e.g. RIE, using the resist mask are carried out to form desired 
bit lines; thus the main part of the DRAM 300 is completed. 
10 C-2. Functions and Effects 

In the above-described manufacturing method of the third preferred 
embodiment, the fomiation of source/drain regions 31b in the peripheral circuit portion 
described referring to Fig. 33 is performed after the formation of interlayer insulating film 
14 described referring to Fig. 6. Therefore, the peripheral circuit portion, after the 
15 formation of source/drain regions 31b, does not experience the high-temperature (SOO^C 
to 1000°C) thermal process performed to improve the burying characteristics during the 
formation of interlayer insulating film 14. 

Also, the formation of source/drain regions 3 lb in the peripheral circuit portion 
is performed after the formation of contact plugs 17a described referring to Fig. 10. 
20 Therefore, the peripheral circuit portion, after the formation of source/drain regions 31b, 
does not experience the high-temperature (SOO^C to lOOO'C) thermal process performed 
to improve the refiresh characteristics after the formation of contact plugs 17a. 

Thus the source/di-ain regions 31b of MOS transistors in the peripheral circuit 
portion are not affected by high-temperature (800T: to 1000°C) thermal treatments, 
25 which suppresses reduction of punch-through margin of the MOS transistors in the 
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peripheral circuit portion. 

Also, in the peripheral circuit portion, as described referring to Fig. 33, the 
source/drain regions 31b are formed by impurity ion implantation using as implant masks 
the gate interconnections G2 having sidewall nitride films 9, insulating fihns 11, and 
5 silicon oxide films 29b on their sides. Therefore the source/drain regions 31b of MOS 
transistors in the peripheral circuit portion are formed relatively away from the gate edges, 
which ensures still larger punch-through margin. 

Furthermore, in the memory cell portion, the formation of metal silicide films 
32a on the top surfaces of all contact plugs 17a lowers the contact resistance of bit line 
10 contacts 21a and storage node contacts (not shown). 

In particular, storage node contacts that connect bit line contacts 21a and 
storage nodes (not shown) of storage capacitors formed above the bit lines have a large 
aspect ratio of opening depth to width, so that it is difficult to form silicide film at the 
hole bottoms after formation of openings. However, the metal silicide films 32a formed 
15 on top surfaces of contact plugs 17a reduces the contact resistance of the storage node 
contacts. 

Moreover, in the peripheral circuit portion, the formation of metal silicide films 
32b on the semiconductor substrate 1 not only reduces the contact resistance between bit 
line contacts 21b and active regions but also reduces the sheet resistance of the active 
20 regions, which enhances current driving capability of the peripheral circuit portion. 

D. Fovirth Preferred Embodiment 

Next, a fourth preferred embodiment of the present invention is described 
referring to Figs. 36 to 41 . 
^ 25 D-1. Manufacturing method 
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A method for manufacturing a DRAM 400 is described referring to the 
cross-sectional views of Figs. 36 to 41 showing a sequence of manufacturing process 
steps. The structure of DRAM 400 is depicted in Fig. 41 that is used to describe the 
final process step. The same components described in the manufacturing method of 
5 DRAM 100 referring to Figs. 1 to 16 are designated by the same reference characters and 
are not described again here. 

Through the process steps of Figs. 1 to 1 1, the structure is obtained in which the 
interlayer insulating film 14 has been removed from the peripheral circuit portion in a 
self-aligned manner. At this stage the insulating film 1 1, formed of a silicon nitride film, 
10 remains on the sides of the gate interconnections G2 and on top of the semiconductor 
substrate 1 in the peripheral circuit portion. 

Then, in the process step of Fig. 36, a silicon nitride film 28, having a thickness 
of 5 nm to 100 nm, is deposited all over the semiconductor substrate 1 by e.g. CVD. 
Thus the memory cell portion is covered by the silicon nitride film 28; in the peripheral 
15 circuit portion, the silicon nitride film 28 forms further on the insulating film 1 1 to cover 
the gate interconnections G2. 

Next, in the process step of Fig. 37, at least the memory cell portion is covered 
by a resist mask RM31 and a whole-surface etch-back by dry-etching, e.g. RIE, is applied 
to the silicon nitride film 28. Thus, in the peripheral circuit portion, the silicon nitride 
20 film 28 remains as sidewall nitride films 28b (sidewall insulating films, second sidewall 
nitride films) on the outermost side surfaces of the gate interconnections G2. 

During this process, the silicon nitride film 28, insulating film 11, and silicon 
oxide film 3 on the semiconductor substrate 1 are removed, so that, in the peripheral 
circuit portion, the surface of the semiconductor substrate 1, i.e. active regions, are 
25 exposed. 
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In the memory cell portion, the silicon nitride film 28, protected by the resist 
mask RMS 1 , remains as silicon nitride film 28a. 

While this dry-etching removes the silicon oxide film 3 exposed on the 
semiconductor substrate 1, the portions of silicon oxide film 3 covered by the gate 
5 interconnections G2 remain as gate insulating films 3b. 

Subsequently, in the peripheral circuit portion, an impurity ion implantation 
with a dose of 1 X 10^^ to 1 X 10^^/cm^ is performed to form source/drain regions 31b, 
using, as implant masks, the gate interconnections G2 having sidewall nitride films 9, 
insulating films 1 1 and sidewall nitride films 28b on their sides. 
10 In this process, when N-channel MOS transistors are formed, phosphorus (P) is 

implanted at an energy of 35 keV to 45 keV, or arsenic (As) is implanted at an energy of 
50 keV to 60 keV. When P-channel MOS transistors are formed, boron (B) is implanted 
at an energy of 5 keV to 10 keV, or boron difluoride (BF2) is implanted at an energy of 20 
keV to 30 keV. 

15 This impurity ion implantation may be performed with the silicon oxide film 3, 

insulating film 1 1 and silicon nitride film 28 remaining on the semiconductor substrate 1 
in the peripheral circuit portion and then the silicon nitride film 28, insulating film 11, 
and silicon oxide film 3 are removed by anisotropic dry-etching. 

Next, in the process step of Fig. 38, after removal of the resist mask RM31, 

20 metal silicide films 32b are formed on the surface of the semiconductor substrate 1 
exposed in the peripheral circuit portion, i.e. on the surfaces of active regions. Since the 
memory cell portion is covered by the silicon nitride film 28a, silicide reaction does not 
take place even when refi-actory metal is formed thereon and therefore no metal silicide 
film forms. Refi-actory metal formed on portions where silicide reaction does not take 

25 place, e.g. on silicon oxide and silicon nitride films, is removed. 
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Next, in the process step of Fig. 39, a silicon oxide film, as an interlayer 
insulating film 18, is deposited all over the semiconductor substrate 1, e.g. by CVD. 

Subsequently, as shown in Fig. 40, a resist mask RM32 is formed, with 
openings OP31 and OP32 in areas where bit line contacts are to be formed in the memory 
5 cell portion and peripheral circuit portion. Then, using the resist mask RM32 as an etch 
mask, the interlayer insulating film 1 8 is selectively etched by dry-etching, e.g. RIE, to 
form contact openings 20a and 20b in the memory cell portion and peripheral circuit 
portion. 

This etching process uses an etching that exhibits a large selectivity with 
10 respect to silicon nitride film and silicon film. Thus the contact opening 20a in the 
memory cell portion is formed to reach contact plug 17a and the contact opening 20b in 
the peripheral circuit portion is formed to reach metal silicide film 32b on the 
semiconductor substrate 1 . 

The contact openings 20a and 20b can be referred to as SAC contacts since they 
15 are obtained in a self-aligned manner, which relaxes resist mask positioning margin for 
contact formation and thus shortens the manufacturing process. 

During this process, in the memory cell portion, since the silicon nitride film 
28a resides on top of the memory cell portion, the etching can be stopped in the middle of 
silicon nitride film 28a. It is therefore possible to remove the silicon nitride film 28a 
20 later under different conditions so as to reduce the amount of etch of the protective 
insulating film 7 formed of, e.g. silicon nitride film, on the gate interconnections Gl. 
This makes it possible to suppress reduction of short margin between the gate 
interconnections Gl and bit line contacts formed later. 

Next, in the process step of Fig 41, metal films 24 and 25 are sequentially 
25 deposited all over the semiconductor substrate 1 ; the metal films 24 and 25 fill the contact 
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openings 20a and 20b. Bit line contacts 21a and 21b are thus formed. Then, in order 
to form a desired bit line pattem, a resist mask patterning process by photolithography 
and a dry-etching process, e.g. RIE, using the resist mask are carried out to form desired 
bit lines; thus the main part of the DRAM 400 is completed. 
5 D-2. Functions and Effects 

In the above-described manufacturing method of the fourth preferred 
embodiment, the formation of source/drain regions 31b in the peripheral circuit portion 
described referring to Fig. 37 is performed after the formation of the interlayer insulating 
film 14 described referring to Fig. 6. Therefore, the peripheral circuit portion, after the 

10 formation of source/drain regions 31b, does not imdergo the high-temperature (800*^ to 
1000*C) thermal process performed to improve the burying characteristics during the 
formation of interlayer insulating film 14. 

Also, the formation of source/drain regions 31b in the peripheral circuit portion 
is performed after the formation of contact plugs 17a described referring to Fig. 10. 

15 Therefore, the peripheral circuit portion, after the formation of source/drain regions 31b, 
does not undergo the high-temperature (800°C to lOOO'C) thermal process performed to 
improve the refi-esh characteristics after the formation of contact plugs 1 7a. 

Thus the source/drain regions 31b of MOS transistors in the peripheral circuit 
portion are not affected by high-temperature (SOO^C to lOOOT:) thermal treatments, 

20 which suppresses reduction of punch-through margin of the MOS transistors in the 
peripheral circuit portion. 

Also, in the peripheral circuit portion, as described referring to Fig. 37, the 
source/drain regions 31b are formed by impurity ion implantation using as implant masks 
the gate interconnections G2 having sidewall nitride films 9, insulating films 11, and 

25 sidewall nitride films 28b on their sides. Therefore the source/drain regions 31b of 
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MOS transistors in the peripheral circuit portion are formed relatively away from the gate 
edges, which ensures still larger pimch-through margin. 

Moreover, in the peripheral circuit portion, the formation of metal silicide films 
32b on the semiconductor substrate 1 not only reduces the contact resistance between bit 
5 line contacts 21b and active regions but also reduces the sheet resistance of the active 
regions, which enhances current driving capability of the peripheral circuit portion. 

Furthermore, as described referring to Fig. 40, in the peripheral circuit portion, 
the contact opening 20b is formed, with the sidewall nitride films 9, insulating films 1 1 
and sidewall nitride films 28b remaining on-.the sides of the gate interconnections G2. 
10 The width of the gate interconnections G2 can therefore be larger to increase short margin 
between bit line contact 21b and gate interconnections G2. 

E. Fifth Preferred Embodiment 

Next, a fifth preferred embodiment of the present invention is described 
15 referring to Figs. 42 to 45. 

E-1. Manufacturing method 
A method for manufacturing a DRAM 500 is described referring to the 
cross-sectional views of Figs. 42 to 45 showing a sequence of manufacturing process 
steps. The structure of DRAM 500 is depicted in Fig. 45 that is used to describe the 
20 final process step. The same components described in the manufacturing method of 
DRAM 100 referring to Figs. 1 to 16 are designated by the same reference characters and 
are not described again here. 

Through the process steps of Figs. 1 to 11, the structure is obtained in which the 
interlayer insulating film 14 has been removed from the peripheral circuit portion in a 
25 self-aligned manner. At this stage the insulating film 11, formed of a silicon nitride film, 
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remains on the sides of the gate interconnections G2 and on top of the semiconductor 
substrate 1 in the peripheral circuit portion. 

Then, through a process as shown in Fig. 36, a siUcon nitride film 28, having a 
thickness of 5 nm to 100 nm, is deposited all over the semiconductor substrate 1 by, e.g. 
5 CVD. Thus the memory cell portion is covered by the silicon nitride film 28; in the 
peripheral circuit portion, the silicon nitride film 28 forms fiirther on the insulating film 
1 1 to cover the gate interconnections G2, 

Next, in the process step of Fig. 42, a whole-surface etch-back, by dry-etching, 
e.g. RIE, is applied to the silicon nitride film 28. Thus, the contact plugs 17a are 
10 exposed in the memory cell portion, and in the peripheral circuit portion, the silicon 
nitride film 28 remains as sidewall nitride films 28b on the outermost side surfaces of the 
gate interconnections G2. 

During this process, the silicon nitride film 28, insulating film 11, and silicon 
oxide film 3 on the semiconductor substrate 1 are removed, so that, in the peripheral 
15 circuit portion, the surface of the semiconductor substrate 1, i.e. active regions, are 
exposed. 

While this dry-etching removes the silicon oxide film 3 exposed on the 
semiconductor substrate 1, the portions of silicon oxide film 3 covered by the gate 
interconnections G2 remain as gate insulating films 3b. 

20 Subsequently, in the process step of Fig. 43, at least the memory cell portion is 

covered by a resist mask RM41 and an impurity ion implantation v^th a dose of 1 X lO'^ 
to 1 X lO^^/^cm^ is applied, to the peripheral circuit portion, using, as implant masks, the 
gate interconnections G2 having sidewall nitride films 9, insulating films 11, and sidewall 
nitride films 28b on their sides, whereby source/drain regions 31b are formed. 

25 In this process, when N-channel MOS transistors are formed, phosphorus (P) is 
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implanted at an energy of 35 keV to 45 keV, or arsenic (As) is implanted at an energy of 
50 keV to 60 keV. When P-channei MOS transistors are formed, boron (B) is implanted 
at an energy of 5 keV to 10 keV, or boron'difluoride (BF2) is implanted at an energy of 20 
keV to 30 keV. 

5 Next, after removal of the resist mask RM41, in the process step of Fig. 44, 

metal silicide films 32a and 32b are formed respectively on the surfaces of contact plugs 
17a exposed in the memory cell portion and on the surface of the semiconductor substrate 
1 exposed in the peripheral circuit portion, i.e. on the surfaces of active regions. 

Then, through process steps as illustrated in Figs. 29 and 30, a silicon oxide 
10 film is deposited as an interlayer insulating film 18 all over the semiconductor substrate 1 
and contact openings 20a and 20b are formed in areas where bit line contacts are formed 
in the memory cell portion and peripheral circuit portion. 

The contact openings 20a and 20b can be referred to as SAC contacts since they 
are obtained in a self-aligned manner, which relaxes resist mask positioning margin for 
15 contact formation and thus shortens the manufacturing process. 

Thus the contact opening 20a in the memory cell portion i-eaches metal silicide 
film 32a on contact plug 17a and the contact opening.20b in the peripheral circuit portion 
reaches metal silicide film 32b on the semiconductor substrate 1. 

Next, in the process step of Fig 45, metal films 24 and 25 are sequentially 
20 deposited all over the semiconductor substrate 1 ; the metal films 24 and 25 fill the contact 
openings 20a and 20b. Bit line contacts 21a and 21b are thus formed. Then, in order 
to form a desired bit line pattem, a resist mask patterning process by photolithography 
and a dry-etching process, e.g. RIE, using the resist mask are carried out to form desired 
bit lines; thus the main part of the DRAM 500 is completed. 
25 ^ E-2. Functions and Effects 
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In the above-described manufactviring method of the fifth preferred 
embodiment, the formation of source/drain regions 31b in the peripheral circuit portion 
described referring to Fig. 43 is performed after the formation of the interlayer insulating 
film 14 described referring to Fig. 6. Therefore, after the formation of source/drain 
5 regions 31b, the peripheral circuit portion does not experience the high-temperature 
(800°C to 1000°C) thermal process performed to improve the burying characteristics 
during the formation of interlayer insulating film 14. 

Also, the formation of source/drain regions 31b in the peripheral circuit portion 
is performed after the formation of contact plugs 17a described referring to Fig. 10. 
10 Therefore, after the formation of source/drain regions 31b, the peripheral circuit portion 
does not experience the high-temperature (800*C to lOOO'C) thermal process performed 
to improve the refresh characteristics after the formation of contact plugs 17a. 

Thus the source/drain regions 31b of MOS transistors in the peripheral circuit 
portion are not affected by^ high-temperature (800°C to 1000°C) thermal treatments, 
15 which suppresses reduction of punch-through naargin of the MOS transistors in the 
peripheral circuit portion. 

Also, in the peripheral circuit portion, as described referring to Fig. 43, the 
source/drain regions 31b are formed by impurity ion implantation using as implant masks 
the gate interconnections G2 having sidewall nitride films 9, insulating films 11, and 
20 sidewall nitride films 28b on their sides. Therefore the source/drain regions 31b of 
MOS transistors in the peripheral circuit portion are formed relatively away from the gate 
edges, which ensures still larger punch-through margin. 

Furthermore, in the memory cell portion, metal silicide films 32a are formed on 
all contact plugs 17a, which lowers the contact resistance of bit line contacts 21a and 
25 storage node contacts (not shown). 
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In particular, storage node contacts that connect bit line contacts 21a and 
storage nodes (not shown) of storage capacitors formed above the bit lines have a large 
aspect ratio of opening depth to width, so that it is diflficuh to form silicide film at the 
hole bottoms after formation of openings. However, the metal silicide films 32a formed 
5 on top surfaces of the contact plugs 17a reduce the contact resistance of the storage node 
contacts. 

Moreover, in the peripheral circuit portion, the formation of metal silicide films 
32b on the semiconductor substrate 1 not only reduces the contact resistance between bit 
line contacts 21b and active regions but also reduces the sheet resistance of active regions, 
10 which enhances current driving capability of the peripheral circuit portion. 

Furthermore, in the peripheral circuit portion, the contact opening 20b is 
formed, with the sidewall nitride films 9, insulating films 11, and sidewall nitride films 
28b remaining on the sides of gate interconnections G2. Therefore the width of the gate 
interconnections G2 can be larger to increase the short margin between bit line contacts 
15 21b and gate interconnections G2. 

F. Sixth Preferred Embodiment 

Next, a sixth preferred embodiment of the present invention is described 
referring to Figs. 46 to 52. 
20 F- 1 . Manufacturing method 

A method for manufacturing a DRAM 600 is described referring to the 
cross-sectional views of Figs. 46 to 52 showing the sequence of manufacturing process 
steps. The structure of DRAM 600 is shown in Fig. 52 that depicts the final process step. 
The same components described in the manufacturing method of DRAM 100 referring to 
25 Figs. 1 to 16 are designated by the same reference characters and are not described again 
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here. 

Through the process steps of Figs. 1 to 1 1, the structure is obtained in which the 
interlayer insulating film 14 has been removed from the peripheral circuit portion in a 
self-aligned manner. At this stage the insulating film 11, formed of a silicon nitride film, 
5 remains on the sides of the gate interconnections G2 and on top of the semiconductor 
substrate 1 in the peripheral circuit portion. 

Then, through a process as illustrated in Fig. 36, a silicon nitride film 28, 
having a thickness of 5 nm to 100 nm, is deposited all over the semiconductor substrate 1 
by, e.g. GVD. Then, in the process step shown in Fig. 46, a silicon oxide film 29 having 
10 a thickness of 5 nm to 100 nm is deposited by, e.g. CVD. Thus the memory cell portion 
is covered by the two-layered film composed of silicon nitride film 28 and silicon oxide 
film 29. In the peripheral circuit portion, the two-layered film of silicon nitride film 28 
and silicon oxide film 29 is formed fiirther on the insulating film 1 1 and covers the gate 
interconnections G2. 

15 Next, in the process step of Fig. 47, at least the memory cell portion is covered 

by a resist mask RM51 and a whole-surface etch-back to the silicon oxide film 29 and a 
whole-surface etch-back to the silicon nitride film 28 are performed using dry-etching, e.g. 
RIE. Thus, in the peripheral circuit portion, the silicon nitride film 28 and silicon oxide 
film 29 remain respectively as sidewall nitride films 28b and sidewall oxide films 29b on 

20 the outermost side surfaces of the gate interconnections G2. 

During this process, the silicon oxide film 29, silicon nitride film 28, insulating 
film 1 1, and silicon oxide film 3 on the semiconductor substrate 1 are removed, so that, in 
the peripheral circuit portion, the surface of the semiconductor substrate 1, i.e. active 
regions, are exposed. 

25 In the memory cell portion, the silicon nitride film 28 and silicon oxide film 29, 
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protected by resist mask RM51, remain as silicon nitride film 28a and silicon oxide film 
29a. 

Subsequently, in the peripheral circuit portion, an impurity ion implantation 
with a dose of 1 X 10^^ to IX 10 '^/cm^ is performed to form source/drain regions 31b, 
5 using, as implant masks, the gate interconnections G2 having sidewall nitride films 9, 
insulating films 11, sidewall nitride films 28b, and sidewall oxide films 29b on their 
sides. 

hi this process, when N-channel MOS transistors are formed, phosphorus (P) is 
implanted at an energy of 35 keV to 45 keV, or arsenic (As) is implanted at an energy of 
10 50 keV to 60 keV. When P-channel MOS transistors are formed, boron (B) is implanted 
at an energy of 5 keV to 10 keV, or boron difluoride (BF2) is implanted at an energy of 20 
keV to 30 keV. 

This impurity ion implantation may be performed with the silicon oxide film 3, 
insulating film 11, silicon nitride film 28, and silicon oxide film 29 remaining on the 

15 semiconductor substrate 1 in the peripheral circuit portion and then the silicon oxide film 
29, silicon nitride film 28, insulating film 11, and silicon oxide film 3 are removed by 
anisotropic dry-etching. 

Next, in the process step of Fig. 48, after removal of the resist mask RM51, 
metal silicide films 32b are formed on the surface of the semiconductor substrate 1 

20 exposed in the peripheral circuit portion, i.e. on the surfaces of active regions. Since the 
silicon oxide film 29a lies on top of the memory cell portion, silicide reaction does not 
take place even when refractory metal is formed thereon and therefore no metal silicide 
film forms. Refi-actory metal formed on areas where silicide reaction does not take 
place, e.g. on silicon oxide film and silicon nitride film, is removed. 

25 Next, in the process step of Fig. 49, the silicon oxide film 29a covering the 
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memory cell portion and the silicon oxide films 29b on the outermost sides of the gate 
interconnections G2 in the peripheral circuit portion are removed by wet-etching using a 
solution, e.g. HF. 

This process removes, together with silicon oxide films 29a and 29b, unwanted 
5 substances that may have been produced on the silicon oxide film 29 during formation of 
metal silicide films 32b. 

Next, in the process step of Fig. 50, a silicon oxide film, as an interlayer 
insulating film 1 8, is deposited all over the semiconductor substrate 1 by, e.g. CVD. 

Subsequently, as shown in Fig. 51, a resist mask RM52 is formed, with 
10 openings OP51 and OP52 in areas where bit line contacts are to be formed in the memory 
cell portion and peripheral circuit portion. Then, using the resist mask RM52 as an etch 
mask, the interlayer insulating film 18 is selectively etched by dry-etching, e.g. RIE, to 
form contact openings 20a and 20b in the memory cell portion and peripheral circuit 
portion. 

15 This etching process uses an etching that exhibits a large selectivity with 

respect to silicon nitride film and silicon film. Thus the contact opening 20a in the 
memory cell portion is formed to reach contact plug 17a and the contact opening 20b in 
the peripheral circuit portion is formed to reach metal silicide film 32b on the 
semiconductor substrate 1 . 

20 The contact openings 20a and 20b can be referred to as SAC contacts since they 

are obtained in a self-aligned manner, which relaxes resist mask positioning margin for 
contact formation and thus shortens the manufacturing process. 

During this process, in the memory cell portion,, since the silicon nitride film 
28a lies on top of the memory cell portion, the etching can be stopped in the middle of 

25 silicon nitride film 28a. It is therefore possible to remove the silicon nitride film 28a 
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later under different conditions so as to reduce the amount of etch of the protective 
insulating film 7 formed of, e.g. silicon nitride film, on the gate interconnections Gl. 
This suppresses reduction of short margin between the gate interconnections Gl and bit 
line contacts formed later. 
5 Next, in the process step of Fig 52, metal films 24 and 25 are sequentially 

deposited all over the semiconductor substrate 1 ; the metal films 24 and 25 fill the contact 
openings 20a and 20b. Bit line contacts 21a and 21b are thus formed. Then, in order 
to form a desired bit line pattern, a resist mask patterning process by photolithography 
and a dry-etching process, e.g. RIE, using the resist mask are carried out to form desired 

10 bit lines; thus the main part of the DRAM 600 is completed. 

<F-2. Functions and Efifects> 
In the above-described manufacturing method of the sixth preferred 
embodiment, the formation of source/drain regions 31b in the peripheral circuit portion 
described referring to Fig. 47 is performed after the formation of interlayer insulating film 

15 14 described referring to Fig. 6. Therefore, the peripheral circuit portion, after the 
formation of source/drain regions 31b, does not experience the high-temperature (800°C 
to lOOOtl) thermal process performed to improve the burying characteristics during the 
formation of interlayer insulating film 14. 

Also, the formation of source/drain regions 31b in the peripheral circuit portion 

20 is performed after the formation of contact plugs 17a. described referring to Fig. 10. 
Therefore, after the formation of source/drain regions 31b, the peripheral circuit portion 
does not experience the high-temperature (800°C to 1000°C) thermal process performed 
to improve the refi-esh characteristics after the formation of contact plugs 17a. 

Thus the source/drain regions 31b of MOS transistors in the peripheral circuit 

25 portion are not affected by high-temperature (800°C to lOOO'C) thermal treatments. 
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which suppresses, reduction of punch-through margin of the MOS transistors in the 
peripheral circuit portion. 

Also, as described referring to Fig. 47, in the peripheral circuit portion, the 
source/drain regions 31b are formed by impurity ion implantation using as implant masks 
5 the gate interconnections G2 having sidewall nitride films 9, insulating films 11, sidewall 
nitride films 28b, and sidewall oxide films 29a on their sides. Therefore the 
source/drain regions 31b of MOS transistors in the peripheral circuit portion are formed 
far away from the gate edges, which ensures still larger punch-through margin. 

Moreover, in the peripheral circuit portion, the formation of metal silicide films 
10 32b on the semiconductor substrate 1 not only reduces the contact resistance between bit 
line contacts 21b and active regions but also reduces the sheet resistance of the active 
regions, which enhances current driving capability of the peripheral circuit portion. 

Furthermore, in the peripheral circuit portion, the contact opening 20b is 
formed, with the sidewall nitride films 9, insulating films 11, and sidewall nitride films 
15 28b lying on the sides of the gate interconnections G2. Therefore the width of the gate 
interconnections G2 can be larger to increase the short margin between bit line contacts 
21b and gate interconnections G2. 

While the invention has been described in detail, the foregoing description is in 
all aspects illustrative and riot restrictive. It is understood that numerous other 
20 modifications and variations can be devised without departing from the scope of the 
invention. 



